It has been shown that phagocyte mannose receptors play an important role in phagocytosis of virulent tubercle bacilli, but not of avirulent strains. Accordingly, w e investigated the occurrence and structure of the outermost mannoconjugates of the capsule of five strains of the tubercle bacillus differing in their degrees of virulence. The extracellular and surface-exposed arabinomannan-containing polysaccharides were chemically characterized as being composed mainly of neutral fatty-acyl-free arabinomannans (AMs) possessing a reducing end consisting of mannose. Although no lipoarabinomannan (LAM) was detected, small amounts of acidic polysaccharides, exhibiting the same electrophoretic mobility as LAM, were identified as succinylated AMs (two to three residues per molecule) lacking the phosphatidylinositol anchor of LAM. AMs from the different strains shared the same structural features, notably the capping of a large portion of the arabinan segments with mannosyl residues. However, no correlation was observed between either the percentage of capping or the amount of AMs and the degrees of virulence of the strains. The occurrence and amounts of other mannoconjugates (phosphatidylinositol mannosides and the mannoseassociated 19 and 38 kDa lipoproteins) in the various tubercle bacilli were also examined. Although both classes of compounds were identified in all the examined strains, a correlation between the amounts of the glycoconjugates and the degrees of virulence of the strains could not be established. These data do not support the implication of these promising mannosylated molecules in the selective phagocytosis of virulent tubercle bacilli and indicate that the involvement of mannose receptors in phagocytosis of virulent M. tuberculosis needs to be re-investigated.
INTRODUCTION
Tuberculosis remains a major health problem, claiming three million lives annually. The World Health Organization estimates that one-third of the world's population is, or has been, infected with the tubercle bacillus and is at risk of developing the disease (Kochi, 1991) . The steadily declining incidence of tuberculosis in industrialized countries over several decades has been reversed due to the Abbreviations: AMs, arabinomannans; LAMS, lipoarabinomannans; LMs, lipomannans; ManAMs, mannose-capped arabinomannans; ManLAMs, mannose-capped lipoarabinomannans; PIMs, phosphatidylinositol mannosides.
emergence of drug-resistant strains and the coincidence of tuberculosis and HIV infection (Bloom & Murray, 1992) . Mycobacteritrm ttrberctrlosis, the causative agent of tuberculosis, is a facultative intracellular pathogen capable of resisting destruction and multiplying inside mononuclear phagocytic cells. Little is known, however, about the mechanisms of its pathogenicity. The initial step in the host entry by the bacillus is phagocytosis. It has been shown that complement receptors CR1, CR3 and CR4 are involved in the phagocytosis of mycobacteria, including M . ttrberctrlosis (Bermudez e t al., 1991 ; Hetland & Wiker, 1994 ; Hirsch e t al., 1994 ; Schlesinger, 1993 ; Schlesinger & Horwitz, 1990 Schlesinger e t al., 1990 ; Stokes e t al., 1993) . In addition to these receptors, the mannose IP: 54.70.40.11
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A. ORTALO-MAGNE, A. B. A N D E R S E N a n d M. D A F F E receptors on monocyte-derived macrophages have recently been shown to mediate phagocytosis of the virulent Erdman and H37Rv strains, but not of the avirulent H37Ra strain (Schlesinger, 1993) . Based on the structural differences found between lipoarabinomannans (LAMs) synthesized by the virulent Erdman and H37Rv strains [mannose-capped LAM (ManLAM) , Chatterjee e t al., 1992b; Venisse et al., 19931 and an unidentified mycobacterium, once thought to be an attenuated strain of M. tzlberczllosis (AraLAM, Chatterjee et al., 1991) , polystyrene microspheres coated with purified ManLAMs and lipomannans (LMs) have been used to demonstrate the crucial role of the mannosyl units at the non-reducing ends of ManLAMs in adherence of coated microspheres to monocyte-derived macrophages (Schlesinger e t al., 1994) . The mannan core, which consists of a linear (1 -P 6)-amannan backbone with one a-mannosyl unit branched at some positions 6 (Chatterjee etal., 1992a) , has been shown not to mediate detectable binding of microspheres to monocyte-derived macrophages (Schlesinger et al., 1994) . Thus, the terminal linear (1 + 2)-a-mannosyl residues of surface-exposed glycoconjugates may be an element of the phagocytic process leading to survival and early growth of the virulent tubercle bacilli in macrophages. However, an important unproved point is the surface-location of LAMs, a requirement for their possible interaction with phagocyte mannose receptors. Although monoclonal antibodies directed against LAMs have been shown to react with the surface of the unidentified mycobacter.ium (Hunter & Brennan, 1990) , these antibodies are known to be directed against carbohydrate epitopes and not against the lipid moiety of LAMs (Chatterjee et al., 1992b; Daffk etal., 1990; Ortalo-Magni etal., 1995; Prinzis etal., 19'94) .
Thus, the presence of LAMs on the cell surface remained to be established. Furthermore, recent studies demonstrated that LAMs of attenuated, avirulent and virulent tubercle bacilli are all mannose-capped (Khoo e t al., 1995 ; Venisse et a/., 1993) , suggesting that the presence of ManLAMs does not explain the selective interaction of virulent tubercle bacilli with the mannose receptors of phagocytes. Consequently, further studies are clearly needed for defining the molecules occurring in virulent tubercle bacilli that interact with the mannose receptors.
We recently isolated the extracellular and surface-expclsed constituents of virulent strains of M . tzlberczllosis; these appeared to indicate the presence of a capsule compolsed mainly of polysaccharides and proteins (Lemassu & Daffk, 1994; Ortalo-Magni e t al., 1995) . The major capsular polysaccharides were a glycogen-like high-molecularmass glucan, an extensively mannose-capped arabinomannan (ManAM) structurally related to ManLAMs :and a mannan. Among the capsular proteins of the tubercle bacillus, carbohydrate was found associated with the purified 19 and 38 kDa lipoproteins (Young e t al., 1992) which have been shown to bind concanavalin A (Espitia & Mancilla, 1989; Garbe e t al., 1993) . Interestingly, digestion of these proteins with a-D-mannosidase produced a reduction in their molecular mass, demonstrating the abundance of a-mannosyl units in the two glycoproteins (Espitia e t al., 1993 (Espitia e t al., , 1995 and suggesting that they may represent potential candidates for the interaction with the mannose receptor. In the present study, we compared the major outermost AMs and the mannoseassociated lipoproteins of the virulent Erdman and H37Rv strains, the attenuated R l R v strain and the avirulent H37Ra and RlRa strains (Steenken & Gardner, 1946a, b) .
METHODS
Strains and growth conditions. M. tuberculosis strains Erdman (ATCC 35801), H37Rv (ATCC 27294), H37Ra (ATCC 25177), RlRv (ATCC 35818) and RlRa (ATCC 35819) were grown on the synthetic Sauton's medium (Sauton, 1912 ) (100 ml per flask) as surface pellicles at 37 O C .
Isolation, purification and chemical characterization of AMs. Culture filtrates were recovered by filtration through a no. 111 Durieux filter paper, followed by filtration through 0.2 pm filter (Nalgene). Cells were harvested from surface pellicles that remained attached to the flasks when recovering the culture filtrates. Bacteria were gently shaken (1000 r.p.m.) for 1 min with 10 g glass beads (4 mm diameter) per 2 g wet cells, a method known not to affect the integrity of cells (Ortalo-Magnk etal., 1995) . Distilled water (50 ml per flask) was then added and the bacterial suspensions were filtered through 0.2 pm filter. These filtrates and the original culture filtrates were concentrated under vacuum to one-tenth of the original volume. AMs from the different tubercle bacilli materials were purified and chemically characterized as previously described by Lemassu & Daffe (1994) .
To define the chemical nature of the reducing end of AMs, samples (5-7 mg) of purified polysaccharides and standard sugars [arabinose (Ara), mannose (Man), N-acetylglucosamine, glucosamine, N-acetylgalactosamine and galactosamine] were treated with a mixture of ethyl p-aminobenzoate, cyanoborohydride (in glacial acetic acid and methanol) as described by Venisse et al. (1993) . The UV-absorbing compounds were purified using a reverse-phase Sep-Pak C18. They were eluted in the water/methanol (8 : 2, v/v) fraction, hydrolysed, methylated with diazomethane and analysed by HPLC on a reversephase (C18) column using water/methanol(7: 3, v/v) as eluent. Samples of the different HPLC peaks were analysed by GC after trimethylsilylation.
Electrophoresis. Samples of dialysed crude materials and purified polysaccharides were analysed by SDS-PAGE. Proteins were analysed in a 10-20% (w/v) gradient of SDSpolyacrylamide under reducing conditions. Polysaccharides were analysed in a 12.5 YO acrylamide cross-linked with 0.8 YO bisacrylamide. A stacking gel composed of 6 YO acrylamide was used. The gels were silver-stained using the Bio-Rad method. Authentic standards of LAM, LM and phosphatidylinositol mannosides (PIMs) were kindly supplied by T. Brando (LPTF-CNRS, Toulouse, France).
Western blot analysis. In Western blot (immunoblot) experiments, the proteins separated by PAGE were transferred onto nitrocellulose sheets as previously described (Ortalo-Magne et al., 1995) . The blots were incubated for 2 h at room temperature (or overnight at 4 "C) with monoclonal antibodies (mAbs) directed against specific secreted proteins, HYT 6 (Andersen e t al., 1986) and HBT 12 (Ljungqvist et al., 1988) . Bound mAbs were detected by using horseradish-peroxidase-coupled rabbit anti-mouse immunoglobulins as described by Ortalo-Magne et al. (1995) .
Chemical analyses of lipids. Wet cells were saponified and the fatty acids were extracted, derivatized and analysed, as previously described by Daffk e t al. (1983) .
Phosphatidylinositol mannosides (PIMs) were analysed on aluminium-backed sheets coated with silicagel 60 (Merck) using chloroform/methanol/water (65 : 25 : 4, by vol.) as the developing solvent. The glycophospholipid nature of PIMs was established by spraying the plates with 0.2 % anthrone in concentrated sulphuric acid followed by heating at 110 "C (for the detection of glycolipids) and by the Dittmer-Lester (1 964) reagent (for the detection of phospholipids).
RESULTS

Purification and chemical analyses of AMs
The amounts of polymers derived from ethanol precipitation of the unfractionated culture filtrates varied according to the batch and usually represented 15-20 %, but may reach up to 50%, of the corresponding dried bacterial mass. There was, however, no correlation between the amounts of extracellular material and the virulence of the various strains examined. The surfaceexposed materials obtained after the gentle shaking of cells with glass beads (Ortalo-Magni e t a/., 1995) represented invariably 2-39' 0 of the dried bacterial mass. The glycosyl composition of the extracellular and surfaceexposed materials from the various batches was very similar and consisted mainly of glucose (Glc, 70-75%), Ara (15-20 %) and Man (10-15 YO) (Lemassu & Daffe, 1994 ; Ortalo-Magni e t a/. , 1995). When a chloroform/ methanol/water partition was applied to the ethanol precipitates, the water-soluble polysaccharides contained mainly Man and Ara as sugar constituents in a molar ratio of 1 :l. Small amounts of xylose (2-5%) were also detected in the acid hydrolysis products of the aqueous phases derived from the mechanical treatment of cells. The acid hydrolysis of the interphases liberated only Glc and that of the organic phases liberated Glc, Man and inositol but no Ara. AMs from culture filtrates and those from surface-exposed materials of the various strains were isolated by fractionation of the water phases: in both cases, most of the polysaccharides (85-90 YO) were eluted from the anion-exchange column with the buffer containing no NaCl. The remaining materials were eluted using 0.1 M NaCl.
Chromatography of these neutral polysaccharides on columns of Bio-Gel P-10 calibrated using dextran standards led invariably to the isolation of AMs as the major peaks eluting in a position corresponding to a molecular mass of 13 kDa (Lemassu & Daffe, 1994) . That the polysaccharides are not generated due to physical shearing or enzymic degradation (e.g. mannosidases) was supported by the isolation of AMs exhibiting similar chromatographic behaviour from the outermost cell surface components extracted from the bacilli with an overnight treatment of cells with Tween 80. In addition, the expected heterogeneity in the size distribution of AMs if the polysaccharides derived from degradations was not observed.
No obvious relation was noted between the amounts of recovered AMs and the degrees of virulence of the bacilli (Table 1 ). For instance, comparable amounts of AMs were isolated and purified from the surface-exposed materials of both the virulent Erdman strain and the avirulent H37Ra strain. The Ara/Man ratio in the purified AMs was invariable in the different batches of the same strain but may vary according to the origin of the material (extracellular or surface-exposed AMs) for a given strain ( Table 1 ). The extracellular AMs from the Erdman and H37Rv strains showed the lowest content of Man (Ara/Man ratio > 3). However, the Ara/Man ratio of the corresponding surface-exposed molecules from the same strains was similar to that found for the AMs isolated from the other strains (Ara/Man = 1-2).
Analysis of the different purified neutral AMs by 'H-NMR ( Fig. la) showed that they were devoid of acyl substituent, as no signal was observed in the high field Table 1 . Glycosyl composition and amounts of AMs from various tubercle bacilli AMs from the various extracellular materials (E) and surface-exposed materials (S) were obtained by gel filtration chromatography on columns of Bio-Gel P-10 of the neutral water-soluble polysaccharides (see Lemassu & Daffk, 1994) . The glycosyl composition is the mean value of three different experiments and is expressed in mol YO of the sugar residues in purified AMs. region (0-3 p.p.m.). The failure to detect fatty acyl groups, glycerol and inositol in the acid hydrolysis products of the purified AMs indicates the lack of LAM in these polysaccharide fractions, in agreement with their chromatographic behaviour on the anion-exchange column.
Chromatography of the acidic fractions derived from the D E A E columns of the water-soluble polysaccharides on columns of Bio-Gel P-10 led to the isolation of two compounds : one of them was composed of Ara and Man (Ara/Man = 2.2) and exhibited the same apparent molecular mass as that of the neutral AMs, and the other peak contained only Xyl. Analysis of the former compound by 'H-NMR (Fig. lb) showed the existence of two signals assignable to the resonances of the two methylene groups of succinyl substituents (Weber & Gray, 1979) at 2.5 and 2-7 p.p.m. Based on the integration of the anomeric signals (estimated to 93 H for a molecular mass of 13 kDa), two or three succinyl substituents were present per mole of acidic AM. Furthermore, although neither inositol nor glycerol was detected in this fraction, the compound, but not the neutral AMs, exhibited the same electrophoretic mobility as LAM of M. tzabercdosis H37Rv on SDS-PAGE (Fig. 2) . The acidic AM was also isolated and characterized from the surface material extracted from H37Rv by an overnight treatment of the bacilli with Tween 80, thus ruling out the possibility that this compound was derived from LAM by physical shearing. Among the surface-exposed constituents extracted with the detergent or with glass beads, the conventional PIMs were the only phosphomannolipids identified, suggesting that n o microbial phospholipase activity (which would generate AMs from LAMs) occurred during the treatments. The acidic AM represents 12-13 YO of the watersoluble polysaccharides and roughly 3 '/O of the surfaceexposed polysaccharides of the tubercle bacillus.
To characterize the reducing end of the neutral AMs, the purified polysaccharides were coupled to the UV-absorbing ethyl p-aminobenzoate by reductive amination with cyanoborohydride (Venisse e t a/., 1993), hydrolysed and the reducing end products were purified by HPLC. Comparative analysis of these latter compounds and the standard sugar derivatives by G C led to the identification of Man as the sugar terminating the polysaccharides, demonstrating that the polysaccharides differed from LAMs by the absence of a phosphatidylinositol anchor.
Glycosyl-linkage analysis of the major AMs
In order to determine the linkage and the ring form of the arabinosyl and mannosyl residues, the AMs were per-0-methylated, hydrolysed, reduced, acetylated and analysed Table 2 . Glycosyl-linkage composition and capping of purified AMs from various tubercle baci I I i Purified AMs from extracellular materials (E) and surface-exposed materials (S) were 0-methylated, hydrolysed, reduced, acetylated and analysed by GC-MS as described by Lemassu & Daffk (1994) . The glycosyl-linkage composition is expressed in mol % of the different glycosyl residues (data were obtained from three different experiments). The percentage Man-capping is expressed in (mol3,5-Ara -mol t-Ara/mol 3,5-Ara) x 100. by GC and GC-MS (Table 2 ). The arabinan segments consisted of terminal (t)-, 2-, 3,5-and 5-linked Araf residues ; the presence of substantial amounts of pyranosyl residues was ruled out by NMR analyses (see below). The mannan segments contained t-, 2-, 6-and 2,6-linked pyranosides (Manp) as all the mannosyl residues, after 0-methylation, contained a methoxyl group located on C-4, in agreement with the published data (Chatterjee e t al., 1991 ; Lemassu & Daffk, 1994; Misaki e t al., 1977) .
Strain
Examination of the glycosyl-linkage composition of AraLAM of the rapidly growing unidentified mycobacterium (Chatterjee et al., 1991) and arabinogalactan of M. tztbercztlosis and other mycobacterial species (Daffe et al., 1993) showed that the number of mol t-Arafcorresponded roughly to that of branched 3,5-linked Araf. This was the expected picture for non-capped AMs and LAMs. In contrast, examination of the glycosyl-linkage composition of AMs from the different tubercle bacilli (Table 2) showed a large excess of 3,5-linked Arafunits as compared to the small amounts of t-Araf residues. Similarly, the number of t-Manp units far exceeded that of 2,6-linked Manp residues. These data supported the existence of mannosyl residues substituting the non-reducing ends of the arabinan segments. The occurrence of appreciable amounts of 2-linked Manp residues in the various AMs (Table 2 ) also corroborated the phenomenon of capping (Chatterjee e t al., 1992a; Lemassu & Daffe, 1994) . The extent of capping of AMs with mannosyl residues may be estimated from the (3,5-linked Araf-t-AraJ)/(3,5-linked AraJ) ratio which is expected to equal the (t-Manp2,blinked Manp)/(3,5-linked AraJ). The former method of estimation was found to be more accurate than the latter one, probably due to an overestimation of t-Manp by the glycosyl-linkage analysis leading sometimes to strong aberrant percentages of capping (Table 2 ; see also Khoo e t al., 1995) .
Examination of the percentage of capping of the various AMs, estimated from the (3,5-linked Araf-t-AraJ)/(3,5-linked AraJ ratio, showed that surface-exposed AMs were generally more capped than the corresponding extracellular molecules. The percentage of capping of the surface-exposed AMs was found to be almost identical for the two R1 strains (Table 2) . Surprisingly, the avirulent H37Ra strain contained the most capped AMs, followed by those of the R1 series, H37Rv and Erdman. Among the extracellular AMs, that of R l R v was the most capped whereas that of the virulent Erdman strain was poorly capped. As capping with mannosyl residues is known to occur via the 2-linked Manp-containing oligomannosyl (Chatterjee eta/., 1992b; Lemassu & Daffk, 1994; Venisse e t al., 1993) , it was interesting to compare the relative amounts of this residue in the various AMs. Analysis of the glycosyl-linkage composition showed that comparable amounts of 2-linked Manp occurred in AMs from the H37 strains, suggesting similar structural features for the polysaccharides (Table 2) .
13C-NMR analysis of the major AMs
The 13C-NMR spectra of the neutral extracellular and surface-exposed AMs isolated from the various strains were very similar to each other and to those previously published for AMs and deacylated LAMs of M. tztbercztlosis (Chatterjee et al., 1992b ; Lemassu & Daffe, 1994 ; Venisse et al., 1993 arabinosyl or mannosyl residues, in agreement with the difference observed in the Ara/Man ratio of the various AMs (Table 1) . A representative spectrum is shown in Fig. 3 . All the signals were observed between 60 and 110 p.p.m., confirming the lack of fatty acyl substituents on these polysaccharides. It is worth noting that a signal at 64.3 p.p.m., assignable only to the resonance of unsubstituted C-5 of t-P-Araf (Bradbury & Jenkins, 1984; Gorin & Mazurek, 1975) , was observed in all of the 13C-NMR spectra, confirming the occurrence of non-capped arabinan segments in the AMs of the various strains ( Table 2) .
Structure of the mannan core of AMs
From the glycosyl-linkage analysis, the mannan core of AMs was found to be composed of t-, 2-, 6-and 2,6-linked Man. (Table 2 ) which are known to occur in the o! configuration (Lemassu & Daffk, 1994; Misaki e t al., 1977) . However, in mycobacterial AMs and LAMS it has been shown that most of the t-Man) and all of the 2-linked Manp were involved in the capping of the termini of the arabinan segment (Chatterjee et al., 1992b; Lemassu & Daffi, 1994; Venisse et al., 1993) . The mannan core of both AMs and LAMS is also known to consist of a 1 + 6 backbone of mannosyl residues substituted with 1 -2 mannosyl segments (Chatterjee e t al., 1992a; Lemassu & Daffk, 1994; Misaki e t al., 1977; Venisse e t al., 1993) . T o determine the length of the oligomannosyl branched on the mannan backbone, AMs were submitted to acetolysis. Analysis of the resulting peracetylated products showed that peracetylated mannoside was the major component of the acetolysis products of all the AMs. It followed then that the different polysaccharides shared a common mannan core.
Characterization of other surface-exposed glycoconjugates
As the acid hydrolysis products of the organic phases derived from the chloroformlmethanollwater part ition of the crude polymers also contained Man, it was interesting to identify the mannolipids. Analysis of the organic phases by TLC demonstrated the presence of PIMs in the materials derived from the mechanical treatment of all the strains; no PIM was detected in the organic phases derived from the extracellular materials, in agreement with our previous report showing that the culture filtrates of the tubercle bacilli are devoid of lipid (Lemassu & Daffk, 1994) .
Among the surface-exposed capsular proteins of the tubercle bacillus (Ortalo-Magnk e t al., 1995) , the presence of the two carbohydrate-associated lipoproteins (Young et al., 1992) was also investigated. We compared the amounts of these proteins in tubercle bacilli by immunoblotting using the previously characterized mAbs HYT 6 and HBT 12 directed against the 19 and the 38 kDa lipoprotein, respectively (Andersen e t al., 1986 ; Ljungqvist e t al., 1988) . As shown in Fig. 4 , the avirulent RlRa strain and the virulent H37Rv strain contain comparable amounts of 19 and 38 kDa glycoproteins, both as secreted and surface-exposed proteins. The attenuated strain RlRv contained much less amounts of lipoproteins than did the avirulent RlRa strain. These data demonstrated that no obvious correlation exists in the mannose-associated lipoprotein content and the degrees of virulence of the examined strains.
Chemical analyses of fatty acids of whole cells
Tubercle bacilli are well known to exhibit various degrees of virulence for guinea pigs (Steenken & Gardner, 1946a, b) and previous studies suggested a correlation between the occurrence of @-unsaturated trimethylbranched fatty acids (phthienoic acids) and virulence of tubercle bacilli (Asselineau, 1982; Daffk e t al., 1983) . Among the strains used in the present study, the H37 strains were the only strains examined for their content in these fatty acids (Daffi etal., 1983 acids (a-branched, P-hydroxylated C60-C90 fatty acids) were detected in all the strains examined, namely dicyclopropanic, keto-and methoxylated mycolic acids. The main pyrolysis product identified from these compounds was hexacosanoic acid, demonstrating that all the strains belonged to the M. tzlberczllosis complex (Daffi e t al., 1983) . GC analysis of the fatty methyl esters showed the presence of the characteristic multi-methyl-branched long chains (mycocerosic acids) in all the strains and of phthienoic acids in the virulent strains Erdman and H37Rv and not in the attenuated strain RlRv and the avirulent strains H37Ra and RlRa. These data clearly confirmed the identification of the strains as M. tzlberczllosis and are in agreement with the previously suggested correlation between the occurrence of phthienoic acids and the virulence of the tubercle bacilli.
DISCUSSION
Among the key matters to address for elucidating the molecular basis of the pathogenesis of tuberculosis is the interaction between the pathogen and phagocytic cells. The outermost surface components of the tubercle bacillus are necessarily involved in this interaction. Interestingly, it has been recently shown that serum components play important roles in mediating phagocytosis of both virulent and avirulent tubercle bacilli but that the mannose receptors also play an important role in phagocytosis of virulent strains (Schlesinger, 1993) . Indeed, entry via a specific pathway may provide virulent tubercle bacilli safe passage into phagocytes by allowing them to avoid the toxic consequences of the oxidative burst as previously postulated by Schlesinger et al. (1990 , 1995) . Besides, the immunochemical data on the surface location of LAMS (Hunter & Brennan, 1990 ) may now be re-interpreted, in view of the data presented herein, as demonstrating the exposure of AMs on the cell surface.
The possibility that the mannosyl residues of ManAMs are surface-expressed in virulent tubercle bacilli and not in the avirulent ones also exists. We tested this hypothesis by using L9 mAb directed against the arabinan segments which reacted with the cell surface of M . tzlberczllosis (Ortalo-Magni et al., 1995) and L4 mAb whose epitope has been delineated as involving the axial 2-hydroxyl of a-D-mannosyl residues (Fournik e t al., 1991). Using cytofluorimetry, we showed that the arabinan segments, as well as the mannosyl residues, were surface-exposed in virulent and avirulent strains tested but failed to correlate the extent of exposure of these residues and the virulence of the strains (A. 
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namely PIMs (Goren & Brennan, 1979) and Manassociated glycoproteins (Espitia e t al., 1993 (Espitia e t al., , 1995 . Although PIMs are partly surface-exposed, only a tiny amount of these compounds are present on the cell surface, since lipids represent at best 6 % of the surlaceexposed material (Ortalo-Magn6 e t al., 1995) . In addition, PIMs are not good candidates to mediate the interaction with the mannose receptor, as they share with LMs the same structural features (Chatterjee e t al., 1992a) which have been shown not to mediate the interaction with phagocytes (Schlesinger e t al., 1994) . Similarly, the two Man-associated lipoproteins so far characterized in the tubercle bacilli, i.e. the 19 and 38 kDa lipoproteins (Young e t al., 1992) , are present in the outermost compartment of the capsule of both virulent and avirulent tubercle bacilli in comparable amounts.
It is also possible to postulate a high specificity of the interaction between the mannose receptors and the Pdancontaining surface-exposed bacterial components and the existence of subtle structural differences between the AMs of virulent and avirulent strains. In connection with this hypothesis, it is interesting to note that although the LAMS of bacillus Calmette-Guirin (BCG) are as capped as those of virulent strains of tubercle bacilli (Khoo e t al., Venisse e t al., 1993) , ManLAMs of BCG contain several mannosyl segments not previously characterized in the virulent strain H37Rv (Prinzis e t al., 1994). Further studies are clearly needed in order to decipher the chemical basis of the interaction between the tubercle bacillus and the macrophage.
The lack of correlation between the degrees of virulence of tubercle bacilli and their content in mannoconjugates examined herein, the most likely candidates to mediate the interaction between the tubercle bacillus and the mannose receptors of phagocytes, prompts further investigation using more strains of avirulent tubercle bacilli, pathogenic and non-pathogenic mycobacterial species.
Finally, the neutral AMs characterized from the cell surface components of the tubercle bacilli may function as virulence factors in the pathogenesis of mycobacterial diseases, since AMs of M. tziberczilosis have been shown to suppress macrophage-dependent, antigen-induced activation of human lymphocytes (Ellner & Daniel, 1979) and to inhibit the processing of antigen by antigenpresenting T-cells (Moreno e t al., 1988) , two important functions of host cell-mediated immunity. Besides? the presence of small amounts of an acidic AM exhibiting the same mobility on SDS-PAGE as that of LAM u.rges further comparison of the structures and the biologic activities of the two molecules.
